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Abstract 
Nuclear steam turbine use wet steam as working medium, which is unable to determine the enthalpy drop type 
relative internal efficiency through exhaust enthalpy of steam, but the power type relative internal efficiency avoids 
this question. This paper introduced the calculate method of power type relative internal efficience, and then took a 
900MW nuclear steam turbine for example, calculated the power type relative internal efficiency when the factors of 
regenerative system are changed. The result shows that when the factors of regenerative system are changed in a large 
range, the power type relative internal efficiency is nearly changeless, so the effect of regenerative system on relative 
internal efficiency can be neglected. At last, the independence between relative internal efficiency and ideal cycle 
heat efficiency is calculated and analyzed. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction  
At present, with the establishment of competitive and open regional electricity market in domestic, 
Nuclear Power Plant is facing the challenge of the market economy directly. Improving the economy of 
Nuclear Steam Turbine, reducing the cost of generate electricity while improving the level of safe 
operation of equipments is an important issue for Nuclear Power Plants [1]. 
Relative internal efficiency is an important economic index of steam turbine, which can evaluate the 
flow path condition of steam turbine and contribute to adjust production to get maximum economic benefit. 
For conventional thermal power plants, the relative internal efficiency of steam turbine can be calculated 
by the thermal test [2]. Nuclear Steam Turbine uses saturation steam as new steam, and most of the 
extraction points are in wet steam area due to the lower pressure, and the measurement of wet steam 
enthalpy is now still in research phase, which bring difficulties for calculating relative internal efficiency of 
steam turbine. Currently, articles have been written about analyzing and calculating operation economy of 
flow path of Nuclear Steam Turbine. Article [3] adopts neural network to monitor and diagnose the 
operation economy of flow path of Nuclear Steam Turbine, however, as known from article [4], after 
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adopting regenerative cycle, the change of regenerative system will also cause certain influence on the flow 
rate in flow path of steam turbine, pressure and enthalpy of extraction points, which may introduce an error 
in monitoring and diagnosing. Article [5] presents a new method on measuring relative internal efficiency, 
considering the coupling between the turbine noumenon and regenerative system, and analyzes the effect 
of the regenerative on the power type relative internal efficiency. However, two data is only chosen in the 
analytic process, which can’t prove the effect of the regenerative system on the power type internal 
efficiency enough, and it don’t consider the change of the efficiency of separator. 
In this article, basing on the deficiency in article [5], the effect of the regenerative system on relative 
internal efficiency is analyzed in detail, point that when the factors of regenerative system are changed in a 
large range, there is little effect on the power type relative internal efficiency, and the relative internal 
efficiency can reflect the operation economy of flow path of the Nuclear Steam Turbine.  
2.Analysis of Definition Method of Relative Internal Efficiency 
Article [6] points that the ratio between effective enthalpy drop and ideal enthalpy drop is relative 
internal efficiency of steam turbine: 
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Where iK is relative internal efficiency; iH' and tH'  are effective enthalpy drop and ideal enthalpy 
drop respectively. 
Equation (1) is applied to the steam turbine without regenerative and extraction systems. Actually, most 
of the turbines adopt regenerative and extraction systems, and using (1) to calculate relative internal 
efficiency will cause error. Article [7] defines the ratio between effective internal power and ideal internal 
power as relative internal efficiency: 
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Where riK is relative internal efficiency; iP and tP are effective internal power and ideal internal power 
respectively. 
In order to distinguish the two definitions of relative internal efficiency in (1) and (2), we call (1) as 
enthalpy dropping type relative internal efficiency and call (2) as power type relative internal efficiency. In 
this paper, basing on (2), the relative internal efficiency of steam turbine is calculated when the factors of 
regenerative system are changed. Now taking the regenerative system of Nuclear Steam Turbine for 
example, the calculation method of internal power is analyzed. 
Figure 1. The second circuit system of Nuclear Steam Turbine. 
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The second circuit system of Nuclear Steam Turbine is shown in Fig. 1, as seem form Fig. 1, Nuclear 
Steam Turbine uses steam reheat method, and a small part of the new steam enter the reheater to heat the 
exhaust of high pressure cylinder, so the flow rate enter the steam turbine is not equal to that of steam 
generator outlet. In this paper, the internal power of steam turbine is calculated basing to the flow rate 
entering the steam turbine is constant: 
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Where hD  is the flow rate entering the turbine; D  is the steam share extracted from the turbine; Y is
power shortage coefficient, for the steam extracted before the separator, 
)/()( crh0crh hqhhqhY '' , for the steam extracted after the separator, 
)/()( ctrh0ct hqhhhY ' , for the steam extracted in the separator, 
)/()( crh0crh hqhhhY ' ; h  is the enthalpy at a specific point; rhq'  is enthalpy rise of one 
kilogram in the moisture separator reheater, hrhrh hhq  ' ; 0h  and rhh  are enthalpy of new steam and 
reheat steam respectively; hh and ch  are exhaust enthalpy of high pressure cylinder and low pressure 
cylinder respectively; 1z and 2z  are regenerative extraction steam and gland steam leakage respectively; In 
the subscript, i  is the numbering of regenerative extraction steam; sgj  is the numbering of gland steam 
leakage; 1rh  is the heating steam of the first reheater; fw  is steam needed by feed-water pump turbine; 
sew  is the water separated in the separator; t  is isentropic expansion process. 
3.Effect of Regenerative System on Power Type Relative Internal Efficiency 
The change of factors of regenerative system will cause the flow rate of the extraction steam to change, 
then make the flow rate in flow path of the steam turbine and the power of the turbine change, finally, lead 
to the relative internal efficiency change. In order to illustrate the effect of regenerative system on the 
relative internal efficiency, take a 900 MW Nuclear Steam Turbine for example, the relative internal 
efficiency is calculated when the factors of regenerative system are changed respectively. 
3.1.Effect of Heater Terminal Temperature Difference on Relative Internal Efficiency 
When the heater terminal temperature difference is changed, relative internal efficiency of steam 
turbine is shown in Fig. 2. 
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Figure 2. Effect of heater terminal temperature difference on relative internal efficiency.
As seen from Fig. 2, when the heater terminal temperature difference rise 8 ć compared with initial 
value, the relative internal efficiency changes from 0.85517 to 0.8543583, and the change rate is 0.09%. 
3.2.Effect of the Efficiency of Heater on Relative Internal Efficiency 
When the efficiency of heater is changed, relative internal efficiency of steam turbine is shown in Fig. 
3. 
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Figure 3. Effect of efficiency of heater on relative internal efficiency.
As seen from Fig. 3, when the efficiency of heater decrease 8% compared with initial value, the 
relative internal efficiency changes from 0.85517 to 0.8554699, and the change rate is 0.0348%. 
3.3.Effect of Extraction Steam Pressure Loss on Relative Internal Efficiency 
When the extraction steam pressure loss is changed, relative internal efficiency of steam turbine is 
shown in Fig. 4. 
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Figure 4. Effect of extraction steam pressure loss on relative internal efficiency.
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As seen from Fig. 4, when the extraction steam pressure loss rise 8% compared with initial value, the 
relative internal efficiency changes from 0.85517 to 0.854840734, and the change rate is 0.039%. 
3.4.Effect of Efficiency of Separator on Relative Internal Efficiency 
Due to the Nuclear Steam Turbine using saturation steam as new steam, the exhaust steam of high 
pressure cylinder is wet steam with certain humidity, to ensure the safe operation of the turbine, there is a 
steam separator after high pressure cylinder, which is used to separate most of the water included in the 
exhaust steam. 
The efficiency of separator is defined as the ratio between the water separated in the separator and that 
in the exhaust steam. The water separated in the separator return to the heaters, so efficiency of separator 
will affect the flow rate of extraction steam, and finally cause relative internal efficiency of turbine to 
change. When efficiency of separator is changed, relative internal efficiency of steam turbine is shown in 
Fig. 5. 
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Figure 5. Effect of efficiency of separator on relative internal efficiency.
As seen from Fig. 5, when the efficiency of separator decrease 8% compared with initial value, the 
relative internal efficiency changes from 0.85517 to 0.8554691, and the change rate is 0.0347%. 
3.5.Effect of Gland Steam Leakage on Relative Internal Efficiency 
In the actual operation of steam turbine, it’s not avoidable for the change of gland steam leakage. When 
the gland steam leakage is changed, relative internal efficiency of steam turbine is shown in Fig. 6.  
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Figure 6. Effect of gland steam leakage on relative internal efficiency.
As seen from Fig. 6, when the gland steam leakage rises 20% compared with initial value, the relative 
internal efficiency changes from 0.85517 to 0.8551632, and the change rate is 0.001%. 
We can find from the calculation that when the factors of regenerative system are changed, relative 
internal efficiency of Nuclear Steam Turbine has a certain change, but when the change is in a larger range, 
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the change rates of relative internal efficiency are all in 0.1%. Moreover, efficiency of heater and efficiency 
of separator decreasing cause the relative internal efficiency to rise, but heater terminal temperature 
difference, extraction steam pressure loss, and gland steam leakage increasing will cause the relative 
internal efficiency to decrease, these factors composite together will offset part of changes in relative 
internal efficiency. We consider that it’s insignificant for the effect of regenerative system on relative 
internal efficiency. The relative internal efficiency is changed due to the change of turbine noumenon, and 
the power type relative internal efficiency can evaluate the operation economy of flow path of steam 
turbine. 
4.Convenient Analysis of Power Type Relative Internal Efficiency in Measuring 
Most of the Nuclear Steam Turbine workplace is in the wet steam area, and the enthalpy of extraction 
point and exhaust point is hardly determined exactly, so we can’t use (3) to calculate the effective internal 
power. Known from the energy balance, the equation of generated output power of the Nuclear Steam 
Turbine is here: 
.gmie KKPP   (5) 
Where eP  is generated output power; mK and gK are mechanical efficiency and generator efficiency 
respectively. 
We can measure the generator output power, and consider that mK and gK are constant in the actual 
operation of steam turbine, so the effective internal power can be calculated as follow: 
.
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e
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P
P   (6) 
With the conditions of isentropic expansion in turbine and the flow rate enter the high pressure cylinder, 
parameter of main steam and reheat steam, exhaust steam pressure of turbine are constant, we can get the 
enthalpy of each extraction steam point, and then calculate ideal internal power by (4). 
5.Analysis on Independence Between Relative Internal Efficiency and Ideal Cycle Heat Efficiency 
Ideal cycle heat efficiency is defined as the ratio of ideal internal power and heat consumption under 
isentropic expansion in the steam turbine: 
.
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t
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P
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).( fw000 hhDQ   (8) 
Where tK is ideal cycle heat efficiency; 0Q is heat consumption under isentropic expansion; 0D is flow 
rate at outlet of steam generator under isentropic expansion; fwh is enthalpy of feed water. 
Known from (4), (7) and (8), the ideal cycle heat efficiency is calculated under the isentropic expansion 
process, since parameter of main steam and reheat steam, extraction steam pressure, exhaust pressure are 
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given, it is only determined by the condition of regenerative system. The relative internal efficiency is 
determined by turbine noumenon. So they are independent. 
In order to prove the independence of them, take a 900MW nuclear steam turbine for example, ideal 
cycle heat efficiency is calculated when relative internal efficiency is changed. Data is shown in Fig. 7. 
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Figure 7. Vary curve of ideal cycle heat efficiency with the relative internal efficiency.
As seen from Fig 7, when the relative internal efficiency is changed, ideal cycle heat efficiency is 
keeping invariant, so they are independent. 
6.Conclusion 
The change of factors of regenerative system will cause flow rate of extraction steam to change, then 
cause the internal power of turbine to change, and finally, cause the power type relative internal efficiency 
to change. Heater terminal temperature difference, extraction steam pressure loss and gland steam leakage 
increasing will cause the relative internal efficiency to decrease, and efficiencies of heater and separator 
decreasing will cause relative internal efficiency to rise. 
When the factors of regenerative system are changed in a large range, the relative internal efficiency is 
keeping almost unchanged, so we can neglect the effect of regenerative system on relative internal 
efficiency. Power type relative internal efficiency can evaluate the operation economy of flow path of 
steam turbine. 
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